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ELECTRIC POWER STEERING APPARATUS 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an electric power 
5 steering apparatus which generates a steering assist force 
by an electric motor. 
DESCRIPTION OF RELATED ARTS 

There is known an electric power steering apparatus 
of a so-called rack assist type, which is adapted to convert 
10 the output rotation of a steering assist electric motor 
into the axial movement of a steering shaft including a 
rack through a motion converting mechanism such as a ball 
screw mechanism. 

In the electric power steering apparatus, a noise 
15 (rattle) is liable to occur due to backlash of the components 
of the ball screw mechanism. 

In general, the backlash should be minimized within 
a range allowed by the accuracy of the machining of the 
components in order to minimize the noise. More 
20 specifically, a so-called matching assembly process is 
performed, in which components for the ball screw mechanism 
are classified according to deviation in dimensional 
accuracy, and components providing an acceptable 
combinational dimensional accuracy are assembled into the 
25 ball screw mechanism. However, the matching assembly 
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process requires much labor, resulting in higher 
production costs. 

An electric power steering apparatus having a 
support arrangement shown in Figs . 5A, 5B and 5C is disclosed, 
5 for example, in Japanese Unexamined Patent Publication 
No. 10-194140 (1998) . 

Referring to Fig. 5A, a ball nut 91 of a ball screw 
mechanism is engaged with a first end portion 92a of a 
steering shaft 92 in the electric power steering apparatus . 
10 A pinion 93 coupled to a steering wheel (not shown) is 
meshed with a second end portion 92b of the steering shaft 
92 . A rack guide 94 including a biasing member for biasing 
the steering shaft 92 toward the pinion 93 is disposed 
between the ball nut 91 and the pinion 93. Referring to 
15 Fig. 5-B, the steering shaft 92 is supported at three points 
by the ball nut 91, the pinion 93 and the rack guide 94. 

On the other hand, an electric power steering 
apparatus having a support arrangement shown in Figs. 6A, 
6B and 6C is disclosed, for example, in Japanese Unexamined 
20 Patent Publication No. 10-194149 (1998). 

Referring to Fig. 6A, the electric power steering 
apparatus has substantially the same construction as the 
electric power steering apparatus shown in Fig. 5A, except 
that a stopper 95 for limiting the warp of the second end 
25 portion 92b of the steering shaft 92 is additionally 
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provided. Referring to Fig. 6B, the steering shaft 92 
is supported at three points, under normal conditions, 
by the ball nut 91, the pinion 93 and the rack guide 94 
in the same manner as in the electric power steering 
5 apparatus shown in Fig. 5B. When the second end portion 
92b of the steering shaft 92 is warped opposite from the 
pinion 93 beyond a predetermined warpage, the second end 
portion 92b is supported by the stopper 95. 

In the former and latter electric power steering 

10 apparatuses, the steering shaft 92 is disposed 

transversely of a motor vehicle. The pinion 93 is disposed 
forwardly (in a direction F) of the steering shaft 92 with 
respect to the vehicle, and the rack guide 94 is disposed 
rearwardly (in a direction R) of the steering shaft 92 

15 with respect to the vehicle. 

In the former and latter electric power steering 
apparatuses, the rack guide 94 disposed opposite from the 
pinion 93 with respect to the steering shaft 92 is located 
closer to an axially middle position (closer to the ball 

20 nut 91), so that a support span Y between the ball nut 

91 and the rack guide 94 is relatively short. Thus, the 
rack guide 94 presses the steering shaft 92 against the 
ball nut 91 pivotally on a mesh point of the steering shaft 

92 with the pinion 93, whereby the rattle of the ball screw 
25 mechanism is eliminated to reduce the noise. 
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However, where the steering shaft 92 is warped by 
a force received from a road surface with the first and 
second end portions 92a, 92b thereof displaced rearward 
(in the direction R) as shown in Fig. 5C in the former 
5 electric power steering apparatus, the steering shaft 92 
is supported at two points by the ball nut 91 and the rack 
guide 94. Since the support span Y between the ball nut 
91 and the rack guide 94 is short, there is a possibility 
that the support rigidity of the steering shaft 92 is 

10 insufficient. 

Where the steering shaft 92 is warped by a force 
received from a road surface with the first and second 
end portions 92a, 92b thereof displaced rearward (in the 
direction R) as shown in Fig. 6C in the latter electric 

15 power steering apparatus, the second end portion 92b of 
the steering shaft 92 is not supported until the second 
end portion 92b is warped rearward (in the direction R) 
beyond the predetermined warpage. As a result, there is 
a possibility that the support rigidity of the steering 

20 shaft 92 is insufficient. 
SUMMARY OF THE INVENTION 

It is an object of the. present invention to provide 
a less expensive electric power steering apparatus in which 
a noise is reduced and the support rigidity of a steering 

25 shaft thereof can be maintained at a sufficient level. 
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In accordance with a preferred embodiment of the 
present invention, there is provided an electric power 
steering apparatus, which comprises: a pinion provided 
on a shaft co-rotatable with a steering member; a steering 
5 shaft including a rack meshed with the pinion, the steering 
shaft being movable axially thereof; a steering shaft 
guiding device comprising a guide which guides the steering 
shaft for axial movement, and a biasing member which biases 
the steering shaft toward the pinion by biasing the guide; 

10 and a motion converting mechanism comprising a rotary 
cylinder surrounding the steering shaft and driven by a 
steering assist electric motor, the motion converting 
mechanism being capable of converting rotation of the 
rotary cylinder into the axial movement of the steering 

15 shaft. The steering shaft is supported by the rotary 
cylinder, the pinion and the guide. The pinion is located 
between the rotary cylinder and the guide axially of the 
steering shaft. 

According to this embodiment, the steering shaft 

20 guiding device is operative to press the steering shaft 
against the rotary cylinder of the motion converting 
mechanism pivotally on a mesh point of the pinion and the 
steering shaft. As a result, rattle occurring between 
the steering shaft and the rotary cylinder is eliminated, 

25 whereby a noise can significantly be reduced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram illustrating the 
schematic construction of an electric power steering 
apparatus according to one embodiment of the present 
5 invention; 

Fig. 2 is a sectional view taken along a line II-II 
in Fig. 1; 

Fig. 3 is an enlarged fragmentary sectional view 
illustrating an electric motor and a ball screw mechanism; 
10 Fig. 4A is a schematic diagram of a support 

arrangement for a steering shaft; 
N Fig. 4B is a diagram further schematically 

illustrating the support arrangement of Fig. 4A; 

Figs. 4C and 4D are schematic diagrams illustrating 
15 states where an external force is exerted on the steering 
shaft of Fig. 4B longitudinally of a vehicle body; 

Fig. 5A is a schematic diagram of a support 
arrangement for a conventional steering shaft; 

Fig. 5B is a diagram further schematically 
20 illustrating the support arrangement of Fig. 5A; 

Fig. 5C is a schematic diagram illustrating a state 
where an external force is exerted on the steering shaft 
of Fig. 5B longitudinally of a vehicle body; 

Fig. 6A is a schematic diagram of a support 
25 arrangement for another conventional steering shaft; 
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Fig. 6B is a diagram further schematically 
illustrating the support arrangement of Fig. 6A; and 

Fig. 6C is a schematic diagram illustrating a state 
where an external force is exerted on the steering shaft 
5 of Fig. 6B longitudinally of a vehicle body; 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Apreferred embodiment of the present invention will 
hereinafter be described with reference to the attached 
drawings . 

10 Fig. 1 is a schematic diagram illustrating the 

schematic construction of an electric power steering 
apparatus according to one embodiment of the present 
invention. Referring to Fig. 1, the electric power 
steering apparatus 1 includes a first steering shaft 3 

15 connected to a steering member 2 such as a steering wheel 
in a co-rotatable manner, a second steering shaft 5 coupled 
to the first steering shaft 3 in a coaxially co-rotatable 
manner via a torsion bar 4, and a steering mechanism 7 
composed of a rack and pinion mechanism and the like 

20 connected to the second steering shaft 5 for turning 
steerable wheels 6. 

The steering mechanism 7 includes a third steering 
shaft 8 movable in its axial direction S in a non-rotatable 
manner, and knuckle arms 10 respectively coupled to 

25 opposite ends of the third steering shaft 8 via tie rods 
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9 and respectively supporting the steerable wheels 6. The 
turning of the wheels 6 is achieved by the movement in 
the axial direction S of the third steering shaft 8. A 
rack 11 is provided on an axial portion of the third steering 
5 shaft 8 adjacent to one end portion 18 thereof. 

The axial direction S of the third steering shaft 
8 extends transversely of a motor vehicle. In the 
following explanation, the third steering shaft 8 is 
sometimes referred to simply as "steering shaft 8". 

10 A pinion 12 supported at one end of the second 

steering shaft 5 in a co-rotatable manner is meshed with 
the rack 11. When the first and second steering shafts 
3, 5 are driven toberotatedby the operation of the steering 
member 2, the rotation is converted into the axial movement 

15 of the third steering shaft 8 by the pinion 12 and the 
rack 11. 

The third steering shaft 8 and the pinion 12 are 
accommodated in a housing 13. Bearings 14, 15, which are 
disposed on opposite sides of the pinion 12 in the housing 
20 13, are attached to the second steering shaft 5 . The second 
steering shaft 5 is rotatably supported by a second support 
portion 13B of the housing 13 via these bearings 14, 15. 

A steering shaft guiding device 17, which biases 
the steering shaft 8 toward the pinion 12 (to the rear 
25 side of a paper face in Fig. 1) and supports the steering 
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shaft 8 in an axially slidable manner, is provided on one 
end portion 16 of the housing 13. The steering shaft 
guiding device 17 supports a portion of the one end portion 
18 of the steering shaft 8 closer to the end of the steering 
5 shaft 8 (the right end in Fig. 1) than a mesh point of 
the pinion 12 . 

The electric power steering apparatus 1 is of a 
so-called rack assist type, and is adapted to drive a 
steering assist electric motor 19 to apply a steering assist 

10 force to the third steering shaft 8. The output rotation 
of the electric motor 19 is converted into the axial movement 
of the steering shaft 8 by a ball screw mechanism 21 as 
a motion converting mechanism. The ball screw mechanism 
21 supports the other end portion 20 of the housing 13 

15 in an axially movable manner. 

With the aforesaid arrangement, the pinion 12 is 
located between the ball screw mechani sm 2 1 and the steering 
shaft guiding device 17 axially of the steering shaft 8. 
More specifically, as shown in Fig. 4A, the pinion 12 is 

20 located between a rotary cylinder 39 of the ball screw 
mechanism 21 and a guide 26 of the steering shaft guiding 
device 17 as will be described later. 

On the other hand, a torque sensor 22 for detecting 
an operation torque of the steering member 2 on the basis 

25 of a relative angular offset between the first and second 
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steering shafts 3 and 5 via the torsion bar 4 is provided 
in the vicinity of the torsion bar 4. A detection signal 
from the torque sensor 22 is inputted into a control section 
23 including a microprocessor and the like. Further, a 
5 detection signal from a vehicle speed sensor 24 for 
detecting a vehicle speed is inputted to the control section 
23 . 

The control section 23 outputs a control signal to 
a drive circuit 25 as a driving section for driving the 

10 electric motor 19 according to the detection signals from 
the torque sensor 22 and the vehicle speed sensor 24. The 
drive circuit 25, which receives the control signal, 
supplies electric power to the electric motor 19 to drive 
the electric motor 19. 

15 Referring to Fig. 2, the steering shaft guiding 

device 17 includes aguide2 6whichguides thethirdsteering 
shaft 8 in an axially slidable manner, a biasing member 
27 which biases the steering shaft 8 toward the pinion 
12 by biasing the guide 26, an adjustment bolt 28 for 

20 adjusting a biasing force of the biasing member 27, and 
a lock nut 29 which fixes the adjustment bolt 28 to the 
housing 13 . 

The biasing member 27 includes a resilient member 
such as a compression coil spring, for example. The 
25 housing 13 has a cylindrical third support portion 13C. 
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The guide 26 and the biasing member 27 are accommodated 
in an accommodation hole 30 of the third support portion 
13C . 

The guide 26 is supported by the third support 
5 portion 13C movably in a direction perpendicular to the 
axial direction S of the third steering shaft 8, i.e., 
forwardly and rearwardly with respect to the vehicle (in 
a direction F and in a direction R) in this embodiment. 

The adjustment bolt 28 is screwed into a thread 

10 portion provided in the accommodation hole 30 of the third 
support portion 13C. By adjusting the penetration depth 
of the adjustment bolt 28 in the accommodation hole 30, 
the compression of the biasing member 27 is adjusted. As 
a result, a biasing force to be applied to bias the steering 

15 shaft 8 toward the pinion 12 is set at a desired level. 
The guide 26 has a contact portion 31 opposed to a portion 
of the circumference of the steering shaft 8, and is kept 
in contact with the steering shaft 8 via the contact portion 
31 . 

20 The length of the contact portion 31 in contact with 

the steering shaft 8 as measured in the axial direction 
S of the steering shaft 8 is much shorter than the full 
length L3 of the steering shaft 8 (see Figs. 1 and 2). 
Therefore, the guide 26 is regarded as supporting the third 

25 steering shaft 8 at a single position, i.e., at an axially 



IT 



middle position A thereof. 

Fig. 3 is an enlarged fragmentary sectional view 
illustrating the electric motor 19 and the ball screw 
mechanism 21. Referring to Fig. 3, the electric motor 
5 19 is, for example, composed of a brushless motor, and 
includes a motor housing 90 fixed to the housing 13, a 
stator 32 fixed to the inner periphery of the motor housing 
90 and extending axially, and a rotor 33 coaxially 
surrounded by the stator 32. 

10 The ball screw mechanism 21 includes the rotary 

cylinder 39 as a ball nut surrounding the steering shaft 
8 and supporting the steering shaft 8 in an axially movable 
manner, a screw shaft 41 provided as a part of the steering 
shaft 8, and a plurality of balls (rolling members) 42 

15 provided between the rotary cylinder 39 and the screw shaft 
41 in engagement with the rotary cylinder 39 and the screw 
shaft 41. 

In the ball screw mechanism 21, the rotary cylinder 
39 and the screw shaft 41 are screwed together via the 

20 balls 42. The ball screw mechanism 21 has an ordinary 
structure of a so-called interior or exterior circulation 
type, in which the balls 42 are circulated through a space 
defined between a thread groove on the inner periphery 
of the rotary cylinder 39 and a thread groove on the outer 

25 periphery of the screw shaft 41. 
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One end of the rotary cylinder 39 is coupled to one 
end of therotor33of the electric motor 19 inaco-rotatable 
manner. Bearings 35 and 36 are fitted around opposite 
end portions of the rotary cylinder 39 respectively. The 
5 housing 13 has a cylindrical first support portion 13A. 
The rotary cylinder 39 is rotatably supported by the first 
support portion 13A of the housing 13 via the bearings 
35, 36, while being prohibited from axial movement. 

The rotary cylinder 39 circumf erent ially supports 

10 the screw shaft 41 via the balls 42, and the third steering 
shaft 8 including the screw shaft 41 is axially moved 
according to the rotation of the rotary cylinder 39. 

The full length of the rotary cylinder 3 9 as measured 
in the axial direction S of the steering shaft 8 is much 

15 shorter than the length L3 of the steering shaft 8 (see 
Fig. 1). Therefore, the rotary cylinder 39 is regarded 
as supporting t he third steering s ha ft 8atasingle position, 
i.e., at an axially middle position B with respect to its 
ball receiving inside area thereof. 

20 Fig. 4A is a schematic plain view of one embodiment 

of the support arrangement for the third steering shaft 
8 . Fig . 4B is a diagram further schematically illustrating 
the support arrangement of Fig. 4A. Referring to Figs.4A 
and 4B, the steering shaft 8 is supported by the rotary 

25 cylinder 39 of the ball screw mechanism 21, the 'pinion 
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12, and the guide 26 of the steering shaft guiding device 
17. The rotary cylinder 39 circumf erentially supports 
the steering shaft 8, the pinion 12 supports a front portion 
of the steering shaft 8, and the steering shaft guiding 
5 device 17 supports a rear portion of the steering shaft 
8 . 

Referring to Fig. 4B, a force PI applied by the 
steering shaft guiding device 17 to press the steering 
shaft 8 is converted into a force P2 applied to press the 

10 steering shaft 8 against the rotary cylinder 39 pivotally 
on the pinion 12. 

When the vehicle travels on a rough road, for example, 
an external force maybe exerted on the ends of the steering 
shaft 8 from a road surface. For example, moments Ml, 

15 Ml may act on the steering shaft 8 to warp the steering 
shaft 8 with the ends of the steering shaft 8 displaced 
rearward (in the direction R) as shown in Fig. 4C. In 
this case, the steering shaft 8 is supported at three points 
by the rotary cylinder 39, the pinion 12 and the guide 

20 26, and warped as indicated by a solid line. In Fig. 4C, 
the state of the steering shaft 8 before the warp is 
indicated by a two-dot-and-dash line. 

Further, moments M2 , M2 may act on the steering shaft 
8 to warp the steering shaft 8 with the ends of the steering 

25 shaft 8 displaced forward (in the direction F) as shown 
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in Fig. 4D. In this case, the steering shaft 8 is supported 
at two points by the rotary cylinder 39 and the pinion 
12, and warped as indicated by a solid line- In Fig. 4D, 
the state of the steering shaft 8 before the warp is 
5 indicated by a two-dot-and-dash line. 

The rotary cylinder 39, the pinion 12 and the guide 
26 are located in positional relation such as to minimize 
the warpage of the steering shaft 8. 

More specifically, where a distance between the 

10 axially middle position B of the rotary cylinder 39 of 
the ball screw mechanism 21 and the axially middle position 
C of the pinion 12 is LI and a distance between the axially 
middle position C of the pinion 12 and the axially middle 
position A of the guide 26 is L2, the distance ratio L1:L2 

15 is about 20 to 45:1. That is, Ll/L2=20 to 45. 

According to the embodiment described above, the 
guide 26 of the steering shaft guiding device 17 presses 
the steering shaft 8 toward the rotary cylinder 39 of the 
ball screw mechanism 21 pivotally on the pinion 12. As 

20 a result, the rattle occurring between the steering shaft 
8 and the rotary cylinder 39 is eliminated, whereby the 
noise can significantly be reduced. 

As shown in Fig. 4A, the guide 26 of the steering 
shaft guiding device 17 is located more distantly from 

25 the rotary cylinder 39 than the pinion 12 in the axial 
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direction S of the steering shaft 8. That is, the distance 
LS between the guide 26 and the rotary cylinder 39 is greater 
than the distance LI between the pinion 12 and the rotary 
cylinder 39 (LS>L1) . 
5 Therefore, a support span between the guide 26 and 

the rotary cylinder 39 (equivalent to LS : LS=L1+L2) is 
not shorter than the support span of an ordinary electric 
power steering apparatus. Even where the moments M2, M2 
which cause the steering shaft 8 to warp with the ends 

10 of the steering shaft 8 displaced forward (in the direction 
F) act on the steering shaft 8 as shown in Fig. 4D and, 
as a result, the steering shaft 8 is supported at two points 
by the rotary cylinder 39 and the pinion 12, the support 
span LI is virtually equivalent to that in the ordinary 

15 electric power steering apparatus. Therefore, the 

support rigidity of the steering shaft 8 can be maintained 
at substantially the same level as in the ordinary electric 
power steering apparatus. 

On the other hand, where the moments Ml, Ml which 

20 cause the steering shaft 8 to warp with the ends of the 
steering shaft 8 displaced rearward (in the direction R) 
act on the steering shaft 8 as shown in Fig. 4C, the steering 
shaft 8 is supported at three points by the rotary cylinder 
39, the pinion 12 and the guide 2 6 . As a result, the support 

25 rigidity of the steering shaft 8 candrasticallybe enhanced. 
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Therefore, the support rigidity of the steering shaft 8 
can be maintained at a sufficient level, even if the ends 
of the steering shaft 8 are displaced either forward or 
rearward (in the direction F or R) . 
5 Further, the reduction of the noise of the ball screw 

mechanism 21 can be achieved at lower costs without 
performing the conventionally required troublesome 
matching assembly process. 

The present invention is not limited to the 

10 embodiment described above. For example, although the 
pinion 12 is disposed forwardly (in the direction F) of 
the steering shaft 8 and the steering shaft guiding device 
17 is disposed rearwardly (in the direction R) of the 
steering shaft 8 in the embodiment described above, this 

15 arrangement is not limitative. The pinion 12 and the 
steering shaft guiding device 17 maybe disposed rearwardly 
(in the direction R) and forwardly (in the direction F) , 
respectively, of the steering shaft 8. 

Further, the bearing screw mechani sm may be employed 

20 as the motion converting mechanism instead of the ball 
screw mechanism 21. 

Although the electric motor 19 is provided around 
the steering shaft 8 and the rotor 33 of the electric motor 
19 is disposed coaxially with the steering shaft 8 in the 

25 embodiment described above, this arrangement is not 
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limitative. For example, the rotor 33 of the electric 
motorl9 ( corresponding to an output shaft ) and the steer ing 
shaft 8 may be disposed as extending along different axes, 
and the output of the electric motor 19 may be transmitted 
5 to the ball screw mechanism 21 via transmission means such 
as a gear or a belt. 

While the present invention has thus been described 
in detail by way of the specific embodiment thereof, those 
skilled in the art who understand the foregoing disclosure 

10 will easily come up with modifications, variations and 
equivalents of the invention. Therefore, it should be 
understood that the scope of the invention be defined by 
the following claims and the equivalents thereof. 

This application corresponds to Japanese Patent 

15 Application No. 2003-122422 filed with the Japanese Patent 
Office on April 25, 2003, the disclosure thereof being 
incorporated herein by reference. 



